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研究成果の概要（英文）：Susceptibility of macrophages to bacterial endotoxin was reduced in the 
presence of platelets or proteins derived from platelets, and these cells produced lowered levels of
 nitric oxide (NO) and inflammatory cytokines. The suppression of these macrophage functions was 
found to involve the negative regulation of the NF-κB signaling pathway; especially increased 
expression of nitric oxide synthase and decreased expression of arginase in relation to the 
suppression of NO synthesis. Furthermore, we attempted to develop novel sensitive methods for the 
evaluation of macrophage susceptibility to endotoxin. We have developed two methods, in which we 










































	 BALB/c マウスの骨髄細胞を L929細胞培養上清（10%）を含む RPMI1640培地で 6日間培養
したのち，粘着細胞を集め，さらに L929 細胞培養上清を含まない RPMI1640 培地でさらに 24
時間培養した（骨髄由来マクロファージ）．一方，マウス血小板 (108/mL) をトロンビン (0.5 
U/mL) で 15分間刺激し，遠心分離（800 g, 15分）後，得られた上清をメンブレンフィルター (0.22 
μm) でろ過した (PLT-sup).	骨髄由来マクロファージを PLT-sup存在下，37℃で 24時間培養し
た．一酸化窒素 (NO) は Griess法によって定量した．アルギナーゼ活性は，L-アルギニンの加
水分解によって遊離する尿素を α-イソニトロソプロピオフェノン法によって測定した．	 	
(2)	RT-qPCR法 
	 TRIzol試薬により単離した RNAから PrimeScript RT 試薬キットにより cDNAを調製した．




産生能を調べた．MM6細胞を活性型ビタミン D3（10 ng/mL）の存在下で 72時間培養すること
により細胞をプライミングした後，ヒト血小板抽出物を加え，さらに 24時間培養を継続した．
その後，E. coli 由来の LPS（1 EU/mL）を加え，3時間あるいは 24時間後までに培養上清に放
出された腫瘍壊死因子 (TNF-α) およびインターロイキン (IL)-6 を ELISA 法によって定量し
た． 
(4)	MM6細胞への NK-κB応答配列の導入 
 トゲオキヒオドシエビ（Oplophorus gracilirostris）のルシフェラーゼ遺伝子の上流に NF-κB 
応答配列を配置したレポータープラスミドをMM6細胞に導入した細胞株MM6/NF-κB-NLを作
製した．この細胞と血小板抽出物を混合し，37℃で 1 時間保温したのち，LPS（1 EU/mL）を




	 マウス骨髄由来マクロファージは，血小板の存在下で細菌性エンドトキシン (リポ多糖, LPS) 
に対する感受性が低下し，一酸化窒素 (NO) および腫瘍壊死因子 α (TNF-α) やインターロイキ
ン-6 (IL-6) などの炎症性サイトカインの産生が減弱することが明らかになっている．このよう
なマクロファージ機能の抑制効果が血小板の上清によっても誘導されるか解析した．トロンビ





たところ，LPS刺激に伴う IκBαリン酸化の抑制および NF-κB p65発現の減少が観察された．




























図 1	 LPS刺激後の骨髄由来マクロファージにおける一酸化窒素合成酵素 (iNOS) お
よびアルギナーゼ-1 (Arg1) の発現．血小板培養上清の添加による iNOS および Arg1
















細胞を活性型ビタミン D3（10 ng/mL）の存在下で 72
時間培養することによりプライミングしたのち，ヒ
ト血小板可溶性画分を加え，さらに 24時間培養を継
続した．その後，E. coli 由来の LPS（1 EU/mL）を
加え，3時間あるいは 24時間後までに培養上清に放









	 マウス骨髄由来マクロファージおよびヒト単球系細胞株 MM6の LPS刺激により誘導される
TNF-αや IL-6などのサイトカイン産生が血小板あるいはその可溶性抽出物によって抑制される
ことが明らかになった．次に，アッセイ系の効率化を目指した改良法の開発および血小板由来
however, phosphorylation of IκBα was suppressed particularly in the late phase. We also found
that the total amounts of NF-κB p65 were decreased in PLT-BMDMs at all time periods exam-
ined (0–120 min). We then examined mitogen-activated protein kinase (MAPK) pathways
mediated by ERK, JNK and p38 MAP kinase. The phosphorylation of ERK, JNK and p38 MAP
kinase peaked 10–30 min after LPS-stimulation in PLT-BMDMs and control BMDMs, and we
detected no substantial changes between PLT-BMDMs and control BMDMs in the kinetics of
either the total amounts or the phosphorylation levels of these MAPK-related proteins.
Since phosphorylation of IκBα and total expression of NF-κB p65 were reduced in
PLT-BMDMs, we next assessed the nuclear translocation of NF-κB p65. After PLT-BMDMs
and control BMDMs were stimulated with LPS, the time-dependent changes in the amounts of
Fig 4. Expression of iNOS and arginase-1 in BMDMs after LPS stimulation. (A) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were
stimulated with LPS (50 ng/mL) for 24 h, and the gene expressions of Nos2 and Arg1were analyzed by RT-qPCRwith the relative standard
curve method usingGapdhas an internal control. The gene expression is represented as the value relative to gene expression in the
original BMDMs. Experiments were performed in quintuplicate and repeated four times. The data are presented as the mean ± SEM.
***p < 0.005 vs. control BMDMs. Representative results of the four experiments are shown. (B) PLT-BMDMs and control BMDMs
(2.5 × 106 cells) were stimulated with LPS (50 ng/mL) for 0–24 h. Cells were then lysed in 1 × SDS sample buffer, and the cell lysates were
subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH. The relative intensity of each iNOS or arginase-
1 band after normalization to the levels for GAPDH is shown in the lower panel. Experiments were repeated four times, and representative
results are shown. (C) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were stimulated with zymosan (25 or 100 μg/mL) for 12 h, and
then cell lysates were subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH.C, control BMDMs; P,
PLT-BMDMs. The relative intensity of each iNOS or arginase-1 band after normalization to the levels for GAPDH is shown in the lower
panel. Experiments were repeated four times, and representative results are shown.
doi:10.1371/journal.pone.0162208.g004
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however, phosphorylation of IκBα was suppressed particularly in the late phase. We also found
that the total amounts of NF-κB p65 were decreased in PLT-BMDMs at all time periods exam-
ined (0–120 min). We then examined mitogen-activated protein kinase (MAPK) pathways
mediated by ERK, JNK and p38 MAP kinase. The phosphorylation of ERK, JNK and p38 MAP
kinase peaked 10–30 min after LPS-stimulation in PLT-BMDMs and control BMDMs, and we
detected no substantial changes between PLT-BMDMs and control BMDMs in the kinetics of
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PLT-BMDMs, we next assessed the nuclear translocation of NF-κB p65. After PLT-BMDMs
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***p < 0.005 vs. control BMDMs. Representative results of the four experiments are shown. (B) PLT-BMDMs and control BMDMs
(2.5 × 106 cells) were stimulated with LPS (50 ng/mL) for 0–24 h. Cells were then lysed in 1 × SDS sample buffer, and the cell lysates were
subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH. The relative intensity of each iNOS or arginase-
1 band after normalization to the levels for GAPDH is shown in the lower panel. Experiments were repeated four times, and representative
results are shown. (C) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were stimulated with zymosan (25 or 100 μg/mL) for 12 h, and
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PLT-BMDMs. The relative intensity of each iNOS or arginase-1 band after normalization to the levels for GAPDH is shown in the lower
panel. Experiments were repeated four times, and representative results are shown.
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図 2  MM6 細胞のサイトカイン産
生に及ぼす血小板可溶性画分の影響 
iNos Arg1 
however, phosphorylation of IκBα wa su pressed particularly in th late phase. We also found
that the total amounts of NF-κB p65 were decreased in PLT-BMDMs at all time periods exam-
ined (0–120 min). We then xa in d mitog n-activated protein kinase (MAPK) pathways
mediated by ER , JNK and p38 MAP kinase. The phosphorylation of ERK, JNK and p38 MAP
kinas p aked 10–30 min after LPS-stimulation in PLT-BMDMs and control BMDMs, and we
d t cted no substantial chang s between PLT-BMDMs and control BMDMs in the kinetics of
either the total amounts or the phosphorylation levels of these MAPK-related proteins.
Since phosphorylation of IκBα and total expression of NF-κB p65 were reduced in
PLT-BMDMs, we next assessed the nuc ear translocation of NF-κB p65. After PLT-BMDMs
and control B DMs were stimulated with LPS, the time-dep ndent changes in the amounts of
Fig 4. Expres i f iNOS and arginase-1 in BMDMs after LPS stimulation. (A) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were
stimulated with L ( 0 ng/mL) for 24 h, and th gen expressi ns of Nos2 and Arg1were analyzed by RT-qPCRwith the relative standard
curve method usi apdhas a internal control. The gene expression is represented as h value r lative to gen expression in the
original BMDMs. riments w r performed in quin uplicate and repeat d four times. The data re presented as the mean ± SEM.
***p < 0. 5 vs. trol BMDMs. R presentative results of the four experiments are shown. (B) PLT-BMD s and control BMDMs
(2.5 × 106 cells) stimulated with LPS (50 ng/mL) for 0–24 h. Cells were then lysed in 1 × SDS sample buffer, and the cell lysates were
subjected to west lotting analysis with antibodies against iNOS, arginase-1 or GAPDH. The relative intensity of each iNOS or arginase-
1 band after nor tion to th l vels for GAPDH is shown in the lower pan l. Experimen s were repe ted four times, and representative
results are show ) PLT-BMDMs and c ntrol BMDMs (2.5 × 106 cells) were stimulated with zymosan (25 or 100 μg/mL) for 12 h, and
then cell lysates subjected to w stern blotting analysis with antibodies against iNOS, arginase-1 r GAPDH.C, control BMDMs; P,
PLT-BMDMs. Th l tive intensity of each iNOS or argin se-1 band after normalization to the levels f r GAPDH is shown in the lower
panel. Experime ere repeated four times, and r pres ntative r ults are shown.
doi:10. 371/journal.p .016 208.g004
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however, sphorylation of IκBα was suppressed p rticularly in the late phas . We also found
t a the total amounts of NF-κB p65 w re decreased in PLT-BMDMs t all time periods exam-
ined ( –120 mi ). We then examined mitogen- ctivated protein kinase (MAPK) p thways
m iated by ERK, JNK and p38 MAP kinas . The sphoryl tion of ERK, JNK and p38 MAP
kinase peaked 10–30 min after LPS-stimulation in PLT-BMDMs and control BMDMs, and we
d tected o substa ti l changes b tween PLT-BMD s and control BMDMs in th kinetics of
eit r the to al amoun or the sphorylation levels of these MAPK-related proteins.
Since sphorylation of IκBα and t tal expression of NF-κB p65 were r uced in
PLT-BMDMs, we next assess d the nuclear transl cation of NF-κB p65. After PLT-BMDMs
and control BMDMs w re stimulated with LPS, th time-dependent changes in the amounts of
Fig 4. Expression of iNOS and rginase-1 in BMDMs after LPS stimulation. (A) PLT- s a d control BMDMs (2.5 × 106 cells) were
stimulated with LPS (50 ng/mL) for 24 h, and th ge e expre sions of Nos2 nd Arg1were analyzed by RT-qPCRwith the r lative standard
curv method usingG pdhas n i ter al control. Th gene xpr ssion is r pr sented as th va ue r lativ to gene expression in the
original BMDMs. Experiments wer performed in qu ntu licate and r peat four tim s. The data are pr sented as the mean ± SEM.
***p < 0.005 vs. control BMDMs. R presentative results of th fou experiment are shown. (B) PLT-BMDMs a d control BMDMs
(2.5 × 106 cells) were stimulated with LPS (50 ng/mL) for 0–24 h. C lls w re th n lysed in 1 × SDS sampl buffer, and the cell lysates were
subjected to wester blotting analysis with ntibodies agai st iNOS, arginase-1 or GAPDH. Th r lative intensity of each iNOS or arginase-
1 band after normalization to the levels for GAPDH is shown in th lower pan l. Experiments w re r p at d four times, and r presentative
re ult are shown. (C) PLT-BMDMs a d control BMDMs (2.5 × 106 cells) ere stimula ed with zy osan (25 or 100 μg/mL) for 12 h, and
then cell lysates wer subjected to wester blotting a alysis with antibodies against iNOS, arginase-1 or GAPDH.C, control BMDMs; P,
PLT-BMDMs. The r lative int nsity of each iNOS or rginase-1 band after normalization to the levels for GAPDH is shown in th lower
panel. Experim nts w re r peated four times, and r presentative result are shown.
doi: 0.1371/journal.pone.0162208.g004
Platelets Suppress NO Production fromMacrophages
S ONE | DOI: 0. 371/journal pone.0162208 September 2, 2016 9 / 15
(-)  PLT-sup 
however, sph rylation of IκBα was s res ed particularly in the late phase. We also found
tha he t l amounts of NF-κB p65 we ecr as d in PLT-BMD s at all tim periods exam-
ine (0–1 in). We then xamined n-activated protein k ase (MAPK) pathways
mediated RK, JNK and p38 MAP ki e. The phosph rylation of ERK, JN and p38 MAP
kin se pe 10–30 min after LPS-sti tion in PLT-BMDMs and control BMDMs, and we
detected ubst ntial changes b twee -BMDMs and control BMDMs in the kinetics of
either he tal amounts or the phospho tion l v ls of th se MAPK-related proteins.
Since sph rylati n of IκBα and t l expression of NF-κB p65 were reduced in
PLT-B s, w n xt a se d the nucl transloc tion of NF-κB p65. After PLT-BMDMs
and contr l DMs wer stimulated wi PS, the time-depe d t cha ges i t e amounts of
Fig 4. Expression of iNOS a d arginas - in BMDMs after LPS stimulati . (A) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were
stimulated with LPS (50 ng/mL) for 24 h, the g ne xpres ions f Nos2 a rg1wer an lyz d by RT-qPCRw th the rel iv standard
curve method usingG pdhas an inter al trol. The gen expression is re nted as th alue r lative to g ne expr ssio in the
original BMDMs. Exp iments were p rfor d quintuplicate and repeated f r times. The data ar p s nt d as the mean ± SEM.
***p < 0.005 vs. c ntrol BMDMs. Repres tive r sults of the four exp rim are shown. (B) PLT-BMDMs and control BMDMs
(2.5 × 106 cells) were stimulated with LP ( ng/mL) for 0–24 h. C lls were t lysed in 1 × SD sample buffer, and the cell lysates were
subjected to wester blotting an lysis w t tibodies ag inst iNOS, a gin s r GAPDH. The relative int nsity of each iNOS or arginase-
1 band after normalization to the levels for PDH is h n in the ower pan xp im nts wer repeated four times, a d representativ
results are shown. (C) PLT-BMDMs and trol BMDMs (2.5 × 106 cells) wer ti ulated with zymosan (25 or 100 μg/mL) for 12 h, and
th n cell ly at s w r subjected to wester lotti g an lysis with ntibodies inst iNOS, a ginase-1 or GAPDH.C, control BMDMs; P,
PL -BMDMs. The r lative intensity of ea i OS or arginase-1 band fter no lization to the levels for GAPDH is sh n in the lower
pan l. Exp im nts wer r peated four ti , a d repres ntativ results are n.
doi:10.1371/journal.pone. 162208.g004
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however, phosphorylation of IκBα was suppressed particularly in the late phase. We also found
that the total amounts of NF-κB p65 were decreased in PLT-BMDMs at all time periods exam-
ined (0–120 min). We then ex mined mitogen-activat d protein kinase (MAPK) pathways
mediated by ERK, JNK and p38 MAP kinase. The phosphorylation of ERK, JNK and p38 MAP
kinase peaked 10–30 min after LPS-stimulation in PLT-BMDMs and control BMDMs, and we
detected no substantial changes between PLT-BMDMs and control BMDMs in the kinetics of
either the total amounts or the phosphorylation levels of these MAPK-related proteins.
Since phosphorylation of IκBα and total expression of NF-κB p65 were reduced in
PLT-BMDMs, we next assessed the nuclear translocation of NF-κB p65. After PLT-BMDMs
and control BMDMs were stimulated with LPS, the time-dependent changes in the amounts of
Fig 4. Expression of iNOS and arginase-1 in BMDMs after LPS tim lati n. (A) PLT-BMDMs and co trol BMDMs (2.5 × 106 c lls) were
stimulated with LPS (50 ng/mL) for 24 h, and the gene expressions of Nos2 and Arg1we e a alyzed by RT-qPCRwith the relative ta dard
curve method usingGapdhas an internal control. The gene exp sion is presented as the value relative to gene expres i n in the
original BMDMs. Experiments were performed in quintuplicate and repeat d four tim s. The data are pres nted as the me n ± SEM.
***p < 0.005 vs. control BMDMs. Representative results of the four experiment are hown. (B) PLT-BMDM and control BMDMs
(2.5 × 106 cells) were stimulated with LPS (50 ng/mL) for 0–24 h. Cells were th n lysed in 1 × SDS s mple b ff r, and he c ll lys t s were
subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH. The relative intensity of each iNOS or arginase-
1 band after normalization to the levels for GAPDH is shown in the lower panel. Experiments were repeated four times, and representative
results are shown. (C) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were stimulated with zymosan (25 or 100 μg/mL) for 12 h, and
then cell lysates were subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH.C, control BMDMs; P,
PLT-BMDMs. The relative intensity of each iNOS or arginase-1 band after normalization to the levels for GAPDH is shown in the lower
panel. Experiments were repeated four times, and representative results are shown.
doi:10.1371/journal.pone.0162208.g004
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however, phosphorylation of IκBα was suppressed particularly in the late phase. We also found
that the total amounts of NF-κB p65 were decreased in PLT-B DMs at all time periods exam-
ined (0–120 min). We then examined mitogen-activated protein kinase ( APK) pathways
mediated by ERK, JNK a d p38 MAP kinase. The phosphory ation of ERK, JNK and p38 MAP
kinase peaked 10–30 min after LPS-stimulation in PLT-BMD s and control BMDMs, and we
detected no substantial changes between PLT-BMDMs and control BMD s in the kinetics of
either he total amounts or the phosphorylation l vels of these MAPK-related proteins.
Since phosphorylatio of IκBα and total expression of NF-κB p65 were reduced in
PLT-BMDMs, we ext assessed the nuclear translocation of NF-κB p65. After PLT-BMDMs
and control BMDMs were stimulated with LPS, the time-dep ndent changes in the amounts of
Fig 4. Expression of iNOS and arginase-1 in BMDMs after LPS stimulation. (A) PLT-BMDMs and control BMDMs (2.5 × 106 cells) were
stimulated with LPS (50 ng/mL) for 24 h, and the gene expressions of Nos2 and Arg1were analyzed by RT-qPCRwith the relative standard
curve method usingGapdhas an internal control. The gene expression is represented as the value relative to gene expression in the
original BMDMs. Experiments were performed in quintuplicate and repeated four times. The data are presented as the mean ± SEM.
***p < 0.005 vs. control BMDMs. Representative results of the four experiments are shown. (B) PLT-BMDMs and control BMDMs
(2.5 × 106 cells) were stimulated with LPS (50 ng/mL) for 0–24 h. Cells were then lysed in 1 × SDS sample buffer, and the cell lysates were
subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH. The relative intensity of each iNOS or arginase-
1 band after normalization to the levels for GAPDH is shown in the lower panel. Experiments were repeated f ur times, and represe tative
results are shown. (C) PLT-B DMs and control BMDMs (2.5 × 106 cells) were stimulated with zymosan (25 or 100 μg/mL) for 12 h, and
then cell lysates ere subjected to western blotting analysis with antibodies against iNOS, arginase-1 or GAPDH.C, control BMDMs; P,
PLT-BMDMs. The relative intensity of each iNOS or arginase- band after normalization to the levels for GAPDH is shown in the lower
panel. Experiments were repeated four times, and representative results are shown.
doi:10.1371/journal.pone.0162208.g004
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LPS stimulation  (h) 
の物質による単球・マクロファージの安定化作用の解析を行った．LPSは，宿主免疫細胞に発




ることにより，これまで 2日間かかっていた LPSに対する細胞応答の測定が約 3時間にて可能
になり，大幅な所要時間の短縮が達成された．また，血小板抽出液の LPSに対する応答性抑制
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黄色ブドウ球菌SSL5およびSSL11の白血球MMP-9に与える影響
ヒト由来細胞を利用した新規発熱性物質試験法の開発
